Abstract. Aerosol samples have been collected at three stations on the coast of Antarctica. At Dumont d'Urville Station, samples have been collected for 4 years, at Halley Station for 2 years, and at Neumayer Station for 12 years. Fresh snow samples have also been collected at the three sites. At Halley, daily surface snow samples were taken, as well as firn cores covering the sampling period. Meteorological (including upper air) data are available at the three sites. In the subsequent papers of this special section, the data from the three stations have been combined in order to make general statements about the chemistry of aerosol in coastal Antarctica, about the differences between sectors of Antarctica, and about the relationship between air concentrations and the chemistry that is eventually seen in ice cores. This paper summarizes the samples collected and the sampling methods used at the three sites. It also highlights the main role of each paper in this special section.
Introduction
The chemical content and chemistry of the atmosphere above Antarctica is of considerable interest for a number of reasons. It is undoubtedly the cleanest part of the Earth's troposphere and therefore offers, for some situations, the chance to study natural conditions that may have prevailed elsewhere in preindustrial times. Its unique conditions of temperature and of day/night represent a natural laboratory to study important atmospheric chemical transformations. An additional reason for studying the Antarctic atmosphere, and one which played a large part in prompting the studies described in this special section, is the need to interpret ice cores. Ice core records are used to determine past variations in atmospheric composition that may be due to anthropogenic or climatic change or to natural variability. For relatively long-lived trace gases, such as carbon dioxide and methane, good atmospheric measurements exist from the Antarctic, and the ice core records are rather well understood in terms of atmospheric concentrations. However, for short-lived species (aerosol particulates and some gases), the situation is much less clear. Understanding of ice core records for such species is currently inhibited by our very limited knowledge of the Antarctic atmosphere in the present, and of the processes of air to snow transfer [Bales and Wolff, 1995; Wolff and Bales, 1996] .
Although the Antarctic stratosphere has now been explored in some detail because of the ozone depletion phenomenon, the troposphere remains very little studied. In central Antarctica, only one station, South Pole, has seen any significant chemical measurements [Bodhaine, 1996] , and even there a continuous and detailed record of the major aerosol components (that are generally Copyright 1998 by the American Geophysical Union.
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0148-0227/98/97JD-03454509.00 most studied in ice cores) is lacking. Considering that there are currently in progress or planned at least four major deep ice cores in central Antarctica, this is a crucial deficiency.
In coastal Antarctica, because of the presence of more manned stations, the situation is slightly better [Wagenbach, 1996] . Continuous, ongoing records of aerosol species and some other air chemistry are available for Neumayer since 1983 [Wagenbach et al., 1988] The station consists of about 60 buildings and shelters, some of which are used only in summer. Because of its situation, it is impossible to define a truly "clean" sector, such as that defined at South Pole and Neumayer. The choice of sampling sites was a compromise between a clean location (away from station activities) and the need for year-round access despite the harsh conditions. The main site for aerosol collections was the "Hall Fus6e," situated upwind of all the station buildings. The disadvantage of this site was that in winter access sometimes became difficult and dangerous. For this reason, a second site (used for both aerosol sampling and for gas-phase sampling) was set up at "Labo 3," which is downwind of some buildings, and is within 100 m of most of the main station buildings. A third site, using solar panels to produce power was set up for January and February 1994 at Ile du Gouverneur, in order to test the possibility that contamination had affected the samples from the other two sites. At each site, the sampling system consisted of a vacuum pump upstream of a volume meter, a manometer, and PVC tubing leading to the sampling head. At the head, the filter holder was mounted on a short mast, 2 m high, surrounded by a cylindrical stainless steel shield to protect the filter from direct deposition of sea salt. For aerosol sampling, the filters used were Gelman Zefluor (PTFE) 47 mm diameter, 0.4 !am pore size filters. Gas-phase measurements for acidic gases and for ammonia were also made at "Labo 3" using nylon filters, denuder tubes and mist chambers [Legrand et For the aerosol sampling, flow rates were 3-4 m 3 h -•. The sampling interval was planned to be 1 day in summer and 2 days in winter. Bad weather sometimes increased these intervals, in general up to 2-3 days, and on rare occasions even to a week. The amount of air sampled on each filter ranged from 70 to over 500 m 3. The data sets used in the special section include some data from both the "Labo 3" site and the "Hall Fusre" site. Sampling began in January 1991, and data are available until April 1996. The main sampling details are shown in Table 1 .
A comparison was made of samples collected simultaneously at the three sampling sites to establish the effect of emissions of pollutants from the stations. For the marine elements, there was no significant difference in the C1-/Na ratio between the three sites, and higher concentrations at Ile du Gouvemeur could be explained by its location on a smaller island, with more seawater near the sampling site. For sulphate and nitrate, there was generally good agreement, but some filters that were visibly grey (indicating contamination from combustion at the station) had somewhat elevated concentrations of sulphate and, to a lesser extent, nitrate. This problem was dealt with by identifying all filters showing signs of coloration. These were compared with "clean" filters collected simultaneously, or just before or after the same period. As a result, about 20 values (mainly from "Labo 3") have been eliminated from the data set. For a final set of ions, notably ammonium, higher concentrations were regularly found at "Labo 3" than at "Hall Fusre," and at "Hall Fus6e" than at Ile Gouvemeur. This was due to the proximity of penguins at the sampling site and is discussed in the paper on ammonium [Legrand et al., this issue].
Filters were assembled onto their supports at Dumont d' Urville under a laminar flow hood taking all usual precautions against contamination, and the complete filter holders were transported to and from the sampling site in a polyethylene bag. The filter holder was rinsed three times in ultrapure water between uses, and the cleanliness of the procedure was checked approximately every 10 samples with a field blank that was mounted onto a filter holder and had air pumped through it for 10 s. Filters were stored before analysis in polystyrene cuvettes covered with Parafilm, kept in polyethylene bags. Filters were extracted in 1 mL of methanol (to aid wetting of the filter) plus 9 mL of ultrapure water. The containers were lightly agitated to improve extraction. Samples were analyzed for anions and cations by ion chromatography after filtration through a 0.4 •m Nuclepore filter. After the first extraction, some filters were extracted a second time to estimate the extraction efficiency. The concentrations seen in the second extraction can be explained by the approximately 100 •L of water left in the filter, implying an approximately 100% extraction efficiency. The blanks for methanol, the extraction procedure, and the filters were measured, as well as the field blank. They will be discussed as appropriate in the later papers, but in each case the field blank was insignificant compared to typical sample values, so no correction was made for it. The analytical procedure on the ion chromatograph, and the precision of the data obtained, will be discussed for each ion in the appropriate paper.
After each snowfall, two to four surface snow samples were collected and analyzed. As at all the stations, it was difficult to differentiate between snowfall and blowing snow, although the continual strong winds at Dumont d'Urville make it particularly difficult. Very high concentrations of marine ions may indicate some direct deposition of sea salt on the snow surface. The snow samples will be discussed further in a paper on air-snow transfer The penguin colony on fast ice about 15 km northwest of the station is estimated to contain about 50,000 adult birds. They start to arrive in June and generally disperse along the coast by late December. A second smaller colony has been recorded on fast ice southwest of the station.
At Halley 4, the main station buildings were under the snow surface, but several smaller huts, and the generator chimneys, were aboveground. The aerosol sampling pump was located in a small hut 300 m SE of the station generators. This is a direction that is almost constantly upwind of the generators and most other station activities. The sampling head was a further 10 m from the hut. At Halley 5, the station buildings are aboveground, on jackable legs, and there are two separate generators. The sampling pump was located in a building 300 m from the two buildings with generators, in a direction that is commonly upwind of both buildings. The sampling head was again about 10 m from the building containing the pump, in a designated clean sector from which vehicle and other activity were excluded.
In the case of Halley 5, the existence of two generators at some distance apart made it impossible to find a direction that is almost always upwind of generators, and it is clear that generator exhaust sometimes passes near the filter inlet. However, comparison of aerosol records with black carbon data collected in an adjacent location [Wolff and Although our filter cleaning method was highly successful in reducing the concentrations of ions on the filters when carded out on individual filters, it was somewhat less successful on the batches used to clean the large number of filters in this study. Consequently, the field blank, due mainly to the filters themselves, was significant for all ions and has been removed from the concentrations in the data set. The variability of the field blank was large enough that some negative numbers appear in the data set. This reflects the relatively poor detection limit with the low air volumes and high field blanks at Halley. The analytical method and the value of the detection limit for each ion is discussed in each appropriate paper. The field blanks for nitrate were particularly high, with variability so large that the data for nitrate at Halley could not be used in the relevant paper [Wagenbach et In the laboratory at Cambridge, samples were melted and analyzed for anions by ion-chromatography, and for cations by atomic absorption spectrometry. The procedural blank (bottle taken through the whole procedure, then filled with ultrapure water) was close to the small analytical blank. The analytical procedure and blanks will be discussed in the appropriate papers Power for Neumayer is provided by diesel generators at the main station, so that exhaust gas emissions are concentrated there. Sampling for aerosol and other measurements was carded out at a clean air chemistry laboratory situated 1500 m south of the main station. Northerly winds are hardly ever observed, so that only vehicle emissions could have any effect on air chemistry measurements. Sample collection techniques have been described before [Wagenbach et al., 1988] . Briefly, air was collected through a ventilated stack 7 m above the snow surface. This was intended to reduce problems due to the extensive blowing snow at the site. To further minimize any chance of contamination from the station, sampling was automatically interrupted if preset levels of local condensation nucleus concentration, wind speed, or wind Filters and double polyethylene bags to contain them were cleaned prior to shipment to Antarctica by successive soaks in isopropyl alcohol, dilute HNO3 and HF, and ultrapure water over a period of about 2 weeks. Parts of each filter were analyzed after transport to Heidelberg for MSA and major anions by ion chromatography. Extraction was carded out by soaking the filter in ultrapure water for 40 min in an ultrasonic bath. Beforehand, 7Be and 21øpb activities were measured on each filter nondestructively (by gamma spectroscopy), and løBe was measured on filter aliquots. Analysis for these radioisotopes of first and second filters showed a collection efficiency of 84% on the first filter. Field blanks, placed in the filter holder in the field for one day, gave a blank for all ions which is negligible compared to the large amounts on each filter after the sampling period. A fuller description of the methods used has been given elsewhere [Wagenbach et al., 1988] , and the analytical method will also be discussed in the relevant papers.
Occasional samples of freshly fallen snow were collected at Neumayer under low wind conditions. These will be discussed in the appropriate papers [Mulvaney et al., this issue; Wolff et al., this issue].
Role of Papers in Special Section
In the papers that follow in this special section, data from all All three stations experience rather high summer concentrations of both MSA and non-sea-salt sulphate. One paper [Minikin et al., this issue] discusses the seasonal cycle and compares its strength and seasonality at the three locations. These species are assumed to be derived from marine biogenic activity. An attempt is made to quantify the inputs of biogenic and nonbiogenic sulfur, and to estimate the latitudes from which biogenic sulfur originates in different seasons. A second paper [Legrand and Pasteur, this issue] looks more specifically at the MSA/non-sea-salt sulphate ratio. Next to sulphate, MSA is the second most important oxidation product of dimethylsulfide (DMS) emissions from marine biota, but in contrast to sulphate, DMS oxidation is the only source of MSA. MSA is therefore potentially an important tracer for biogenic sulphate production, and in particular the MSA/nonsea-salt sulphate ratio was suggested to be useful in distinguishing biogenic from nonbiogenic sulphate. This paper shows the complexity of factors influencing the ratio and discusses the combinations of temperature, oxidants, and transport that determine its value.
Nitrate in Antarctica is an enigma [Legrand and Kirchner, 1990; Wolff, 1995] , with its sources still exceedingly uncertain. This species has been measured extensively in ice cores, and its use as a proxy for a host of different parameters (e.g., lightning frequency, solar activity, stratospheric temperature) has been suggested. However, no sensible use can be envisaged until its origin is better understood. A study of the nitrate seasonality at two of the sites [Wagenbach et al., this issue (b)] therefore offers a major opportunity to narrow down the possibilities. Using tracers for various sources, it is found that, although a tropospheric continental source may have some importance, nitrate brought from the stratosphere by PSCs probably plays a major role. Nitrate reemission from surface snow layers may also play a role within the inversion layer. One particular feature of the nitrate ice core record is that fresh snow concentrations are always higher than ice core concentrations. This suggests that loss of nitrate after deposition may also be important in interpreting the ice core record in terms of atmospheric concentration. 
Conclusion
The sampling and analysis described in this paper have provided an opportunity to describe and interpret the aerosol chemistry of coastal Antarctica. This is important, not only because it represents a large unknown area, but also because of the large investment already made in ice cores from the Antarctic continent. A first step toward interpreting the data within the cores is to understand the natural variability of the atmosphere, and the coastal region is a good place to start, where manned stations, relatively high snowfall rates, and clear signals from the polar ocean, are available. The papers in this section provide some important insights into problems of atmospheric chemistry both within and outside the Antarctic region. The findings complement those obtained during summer only from the atmospheric sampling camp at Summit, Greenland, which are being used to aid interpretation of the Greenland Ice Core Project (GRIP) and Greenland Ice Sheet Project Two (GISP2) deep cores. The next challenge will be to obtain a similar knowledge for the Antarctic plateau, where the large ice coting projects of the next decade are currently taking place in an area whose atmospheric chemical properties are virtually unknown.
